A collection of 35 accessions of West African Okra (Abelmoschus caillei) were evaluated for variability in 20 morphological and agronomic traits (qualitative and quantitative traits).Genotypic and phenotypic variances, genotypic (GCV) and phenotypic coefficients of variation (PCV), heritability, genetic advance of the characters were calculated. The accessions demonstrated wide variability for all characters evaluated. Variation was expressed in all qualitative traits studies except in leaf and petal colour. Phenotypic variances were generally higher than their respective genotypic variances thus revealing the role of environmental factors. High PCV and High GCV were observed for pod yield per plant and peduncle length, respectively. Very low heritability estimate was observed for number of ridges per fruit (7.1%). Moderately high heritability estimate (78.99%) was observed for peduncle length; moderately high PCV and GCV 35.71% and 31.74%, respectively but low genetic advance of 1.99%.
INTRODUCTION
Okra is one of the most important and widely grown vegetable crops grown throughout the tropic and subtropics. It is a member of the family Malvaceae and genus Abelmoschus.
The study by Martin et. al (1981) distinguished two major classes of okra, the conventional and unconventional type. The conventional Abelmoschus esculentus which is a native of Asia, and the unconventional Abelmoschus callei which is a native of Africa. A. caillei (A. Chev) is an unconventional okra type which grows naturally in many parts of West Africa. West African Okra grows naturally in Nigeria, especially in the marginal lands along the roadsides, backyard farms, and wastelands (Adeniyi, et al., 2007) .It is bigger in size than the conventional okra, Abelmoschus esculentus (L.) Moench. It is an annual, high yielding and hardy erect plant with numerous cultivars which vary in period of maturity, degree of branching, plant height, pigmentation of various parts of the plant, pod shape and size. West African Okra contained 194 chromosomes as against 130 of the conventional okra, thus constituting a new okra species (Ariyo, 1993) . Okra provides an important input of vitamins and mineral salts, including calcium; which are often lacking in diet of developing countries. It is a nutritious vegetable containing 86.1% water, 2.2 % protein, 0.2% fat, 9.7% carbohydrate, 1.0% fiber and 0.8% ash (Saifullah and Rabbani, 2009 ).
The value of a germplasm collection depends not only on the number of accessions it contains, but also upon the diversity present in those accessions (Ren et al., 1995) . Characterization and quantification of genetic diversity and information on the genetic diversity within and among closely related crop varieties is essential for a rational use of plant genetic resources. Diversity based on phenotypic and morphological characters usually varies with environments and evaluation of traits requires growing the plants to full maturity prior to identification. Omonhinmin and Osawaru (2005) reported that high degree of wide morphological variation exist among accessions of okra, especially in West African type.
Genetic variability is a very important component of plant breeding which is a major tool being used to cope with the ever-increasing pressure of an expanding world population on food production (Ariyo, 1990) . Information on genetic variability of different characters of a crop and about the useful genes in each accession which is properly evaluated to identify the potential accessions is necessary prior to breeding programme for improvement in any crop.
It has been a widely accepted axiom in earlier that evaluation is an essential preliminary to utilization. Breeding aims change rapidly, hence evaluation needs to be adaptive. Only the breeder can recognize which characters need to be evaluated, or at least checked, in his own environment. In effecting improvement in yield, selection of superior genotypes is based on the outward appearance (phenotype) which is subject to variation due to fluctuating environmental factors. Under similar environmental conditions, any progress in a breeding programme depends on the magnitude of genetic variability in a population and the extent to which the desirable traits are heritable (heritability). Therefore, it is necessary to evaluate the genetic stocks acclimatized to local conditions (Osekita and Akinyele, 2008) . Ariyo (1993) working on genetic diversity among 30 (thirty) accessions of West African Okra observed a large genetic variability among the accessions. The large amount of genetic variability observed supports the opinion that this okra type constitutes a separate species. Within species variation among 30 African genotypes was found to be considerably large based on phenotypic assessment (Ariyo, 1993) . Pigmentation and fruit characteristics were important components of the genetic variability among the accessions; the number of pods per plant, pod weight, length of peduncle, petiole length and days to maturity were found to be most effective (Ariyo, 1993) .
As okra production play a significant role in the economy as other annual crops, more attention should be accorded to the selection of high yielding cultivars for seed and edible fruits. Therefore, this study aims at investigating the variability in okra varieties obtained from different locations in South West and Middle Belt of Nigeria and, to measure the degree of genetic diversity in the accessions of Abelmoschus caillei with the view to formulating a breeding strategy for improvement and selection. The mean values of the data collected were used for analysis of variance and covariance of each pair of character studied. Data were also used to calculate range, arithmetic mean, genotypic and phenotypic variance, the genotypic coefficient of variation, phenotypic coefficient of variation, heritability estimates in broad sense and expected genetic advance (Burton 1952; Johnson et al, 1955 .
MATERIALS AND METHODS

Thirty
The genotypic and phenotypic correlation coefficients were calculated using variance and covariance components in accordance to the procedure outlined by Miller et al., (1958) as presented in Table 2 . 
RESULTS
Qualitative characters: There was uniform green leaf colour and yellow petal colour for all the accessions. The genes controlling these character traits are probably dominant genes, thus no variation was expressed amongst the 35 accessions (Table 3) . Quantitative Characters: Analysis of variance for thirty-five West African Okra varieties is presented in Table 4 . The varieties showed highly significant differences in all of the characters considered except in number of ridges per fruit.
Estimates of mean, standard error, range, phenotypic and genotypic variances are presented in Table 5 .
The highest genotypic variance was observed in plant height followed by number of seeds per pod and days to flowering. Genotypic variances of days to maturity (255.829) and pod yield per plant (255.322) were very close in magnitude. This suggests that days to maturity of the West African Okra plant has direct influence on the yield of the crop plant. The longer the days to maturity, the increase in the pod yield. Genotypic variance of number of ridges per fruit was the lowest (0.115).
Results of Phenotypic and genotypic coefficients of variation, heritability and genetic advance are presented in Table 6 .
Maximum phenotypic and genotypic coefficient of variation was exhibited by pod yield per plant (46.53%) followed by number of pods per plant (35.96%), and peduncle length (31.74%) respectively. The least phenotype and genotypic coefficients of variation were exhibited by 100 -seed weight (12.06%) and numbers of ridges per fruit (3.78%) respectively. Phenotypic and genotypic coefficients of variation were very close in magnitude for number of pods per plant (35.96%) and peduncle length (35.71%) followed by 100 -seed weight (12.06%) and days to maturity (12.45%) and numbers of pods per plant and number of seeds per pod respectively i.e. 19.57% and 19.59%.
Heritability estimate in broad sense was highest for 100 -seed weight (96.12%) followed by days to maturity (94.36%). It was however very low for number of ridges per fruit (7.10%) and low for pod yield per plant (28.29%) and number of pods per plant (29.62%).
The highest genetic advance was observed for plant weight (44.63%), followed by days to flowering (33.00%), number of seeds per pod (32.31%), days to maturity (32.01%) and pod yield per plant (17.51%). The remaining characters however exhibited very low genetic advance.
DISCUSSION
Among the eight qualitative characters studied, there exists relationship between the stem colour of the accessions and the fruit colour as well as their petioles colour.
The relationship was stronger between the stem colour and the fruit colour than between the stem colour and petiole colour of the accessions. The same trend was observed between the stem pubescence and the fruit pubescence. These may probably be as a result of one gene controlling the pair of traits of stem and fruit colour, and stem and fruit pubescence in the various accessions. This was also reported by in Akinyele and Osekita, (2006) that investigated variation in okra species and found out that a large number of okra characters such as pigment colour and spines on the fruit surfaces are inherited in a simple fashion, suggesting that these characters are controlled by relatively few genes. For the leaf and petal colour, the genes controlling these traits are probably dominant genes as no variation was expressed amongst the accessions.
The analysis of variance showed a wide range of variation observed for all the characters studied. The non-significant differences observed in the number of ridges per fruit indicate that the genetic components of the parental material are intact. It follows, therefore, that any improvement sort must be directed at the other characters except number of ridges per fruit.
Also, high significant genotypic and phenotypic variances observed indicated that the genotypes utilized are of diverse genetic background thereby providing a large scope for selection. Phenotypic variances were generally higher than their respective genotypic variances thus revealing the role of environmental factors in altering the expressions of genotypes. Similar trend of variation was reported by Ariyo (1990) and Sood et al., (1993) .
The difference between the phenotypic and their corresponding genotypic variances was not too large in the characters studied except for number of ridges per fruit, number of pods per plant and pod yield per plant (Table 5 ). The significant differences revealed by the attributes of yield studied may be due to environmental influences on the parental genetic constitution. This large difference amongst the three characters was as a result of environmental variance. This environmental variance affected the development of pod i.e. environmental effects on plants, their population per plant as well as the eventual pod yield per plant.
There was an interaction between the pods produced per plant and pod yield per plant. Environmental effect reflected on the number of ridges per fruit.
High PCV and High GCV observed for pod yield per plant and peduncle length respectively implied an interaction between the two characters and high genetic determination for peduncle length (Table 6 ). This was also reported by Magar and Madrap (2009) where in the study of variability among 41 genotypes of okra (Abelmoschus esculentus (L.) Moench), the GCV and PCV were of higher magnitude for fruit yield per plant followed by number of fruits per plant, node at which first flower appear, plant height and fruit weight.
Very low heritability observed for number of ridges per fruit (7.10%) as well as low heritability for pod yield per plant (28.29%) and number of pods per plant (29.62%) reveals the ineffectiveness of direct selection for these characters (Table 6 ). This suggests that the genotypes cannot be improved through direct selection for these traits. However, the conspicuously higher difference between the phenotypic coefficient of variation and genotypic coefficient of variation of the characters pod yield per plant and number of pods per plant, (Table 6) was largely due to the strong influence of the environment during the developmental stages of the crop. The interaction of the genotypes with the environment in utilization of the natural phenomenal necessitated the wide difference in these characters which are often regarded as the major components of yield (Akinyele and Osekita, 2006) . The potentials for all the genotypes to have more pods per plant would be enhanced if fresh pods were harvested promptly to give room for more branches to be formed. This will, in turn, enhance the overall yield of the genotypes. The fact that number of branches per plant, internode distance, peduncle length, plant height, number of pods per plant, pod yield per plant, number of seeds per pod had high to moderate PCV and GCV, heritability estimates and genetic advance, (Table 6) suggested that they were controlled by additive gene effects. Selection can therefore be based with certainty on their phenotypic expressions for crop and seed yield improvement. Low genotypic variance and genotypic coefficients of variation as well as low heritability estimates and genetic advance was observed for number of ridges per fruit. Wakhande et al., (1995) reported that additive gene action was predominant for days to flowering, ridges per fruit, while non-additive and over dominance genetic variances were recorded for yield, fruit yield per plant and fruit diameter and length in conventional okra. Low genotypic variance and genotypic coefficients of variation as well as low heritability estimates and genetic advance was observed for number of ridges per fruit. However, no differences between genotypic (12.09) and phenotypic (12.45) coefficient of variation, high heritability estimate (94.36) observed for days to maturity accompanied with moderately high genetic advance (32.01%) indicated almost no environmental influences upon the expression of this character. The same was observed in days to flowering. The lowest coefficients of variation recorded for days to maturity and days to flowering are an indication of a measure of productivity. It also suggests numerical classification and that the various okra varieties could be discriminated. This is supported by the findings of Osekita and Ariyo (2000) , Ariyo (1989) , Sneath and Sokal (1973) and Ariyo and Odulaja (1991) . The genotypes had longer days to maturity as a result of the longer vegetative growth phase, which they have to undergo before flowering.
Low difference between genotypic and phenotypic coefficient of variation indicates low environmental effect upon the expression of seeds per fruit and weight of 100 seeds(g), (Table 6) , which had high heritability with medium genetic advance, though that of weight of 100 seeds(g) was low(1.31) indicated selection might be effective for these traits.
Genetic parameters for yield and yield contributing characters of West African Okra showed wide variation. All the characters studied showed considerable variations for genotypic and phenotypic coefficient of variation. Singh et al. (1998) observed higher genotypic and phenotypic coefficient of variation for plant height and fruits per plant of okra. Chandra et al. (1996) found higher genotypic and phenotypic coefficient of variation for branches per plant, fruit weight and fruit yield per plant in okra. Dash and Mishra (1995) reported that variance for seeds per fruit differed significantly in okra genotypes. Patil et al. (1996) found considerable genotypic and phenotypic coefficient of variation for days to first flowering, number of fruits per plant, individual fruit weight and fruit yield per plant.
Moderately high heritability estimate (78.99%) observed for peduncle length which also has moderately high phenotypic and genotypic coefficient of variation i.e. 35.71% and 31.74% respectively with the difference relatively low, was not followed by high genetic advance (1.99%). The low genetic advance could mainly be due to non-fixable (non -additive) gene effects i.e. dominance and epistatic effect of genes as suggested by Johnson et al., 1955 and Panse et al., 1957 . It is suggested that such traits can be improved by method of recurrent selection. *, ** Significant at 5% and 1% level of probability respectively
CONCLUSIONS
Variability observed in this study for all traits were indicative of the differences in the genetic make-up of the cultivars considered thus offering better chances and large scope for selection.
Phenotypic variances were generally higher than their respective genotypic variances thereby revealing the role of environmental factors on genotype expression of the various accessions. This gave rise to the variability observed for all traits of the accessions.
Also, there was interaction between character traits of High PCV and High GCV and these PCV and GCV percentages are necessary as a guide in selection and breeding programmes. However, the genetic advance for each of the traits should be considered in the course of breeding to ensure success in breeding and crop improvement.
